A. Data Analysis
S2
average overlayer thickness was estimated by assuming that all surface Si sites were terminated by either -CH 3 or TFPA groups, and the ratio of the C 1s photoemission signal at 284.2 eV (C Si ) was determined relative to the signal at 288.0 eV (C F ). The fractional coverage of TFPA groups was estimated using this method, and the average overlayer thickness was estimated using the calculated fractional coverage of -CH 3 and TFPA groups in conjunction with the estimated thickness of each species shown in Scheme S1. With an estimated average overlayer thickness, a two-layer substrate-overlayer model was used to determine the thickness of the F monolayer (d A ), as expressed by equation S1:
attenuated by a SiO x overlayer. [2] [3] The thickness of 1 ML of SiO x was assumed to be 0.35 nm.
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Calculation of Surface Recombination Velocity and Surface Trap State Density.
The minority-carrier lifetime, τ, was determined by fitting the photoconductivity decay versus time data to an exponential decay equation. 6 The surface recombination velocity (S) was estimated for a given value of τ using: where a is the thickness of the Si wafer. The effective surface trap-state density, N t , was determined from S using:
where σ is the trap-state capture cross section (10 -15 cm 2 ) and ν th is the thermal velocity of the charge carriers (10 7 cm s -1 ).
Determination of the Barrier Height by Current Density Versus Voltage Curve
Analysis. Barrier heights, Φ b , and ideality factors (n) were estimated for 2-electrode measurements performed in contact with Hg by fitting the linear region of the forward-bias portion of a semi-log current density versus voltage (J-V) plot to the thermionic emission model. 
. By convention, the forward-bias region of the J-V curves was depicted and analyzed in the first quadrant.
Determination of the Barrier Height by Analysis of Differential Capacitance Versus
Voltage Data. Differential capacitance versus voltage (C diff -V) data were collected for Si/Hg junctions using a 2-electrode setup. Nyquist plots were hemispherical, indicating a parallel RC circuit in series with a resistance R s (Randles Circuit). C diff -V data were fitted across frequencies for which the measured phase angle was >80° and for which Bode plots were linear. The MottSchottky equation was used to determine the flat-band potential, V fb , of the Si
where C is the differential capacitance, q is the absolute value of the elementary charge (1.602 × 10 -19 C), ε is the dielectric constant of silicon (11.8), ε 0 is the vacuum permittivity (8.85 × 10 -14 F cm -1 ), N D is the dopant density determined from the measured resistivity, and A S is the junction area in cm 2 . By convention, the applied DC bias was negative, and the obtained V fb was positive for n-and p-type Si. The barrier height (Φ b,n for n-Si and Φ b,p for p-Si) was calculated using:
where N C is the effective density of states in the Si conduction band (2. for p-Si.
Potential Data. Differential capacitance versus potential (C diff -E) data were collected in contact with decamethylferrocenium/decamethylferrocene (Cp * 2 Fe +/0 ) or methyl viologen 2+/+ in CH 3 CN using a three-electrode setup. The data were collected versus a platinum wire pseudoreference electrode, and the flat-band potential E fb was determined versus the potential of the solution using eq S8 for n-Si and eq S9 for p-Si.
where E is the DC potential applied versus the potential of the solution. The barrier heights, Φ b,n and Φ b,p , were determined versus the potential of the solution using
The 
B. Discussion of Surface Recombination Velocity
High concentrations of bulky groups in mixed monolayers can sterically block passivation of Si-Cl sites with -CH 3 groups, leaving the unreacted sites susceptible to oxidation and formation of surface states. [6] [7] [8] This expectation is consistent with the behavior of Si(111)-MMTFPA surfaces with θ TFPA > 0.2 ML, which had unreacted Si-Cl sites that likely contributed to increased surface recombination velocity, S, for surfaces with high θ TFPA . Mixed methyl/allyl 6 and mixed methyl/propionaldehyde 8 monolayers, which were formed using Grignard reagents only, exhibited S < 100 cm s -1 . Mixed methyl/thienyl monolayers, 7 prepared using 2-thienyllithium, exhibited S < 100 cm s -1 for θ SC 4 H 3 < 0.3 ML. However, the Si(111)-MMTFPA surface exhibited significantly higher S, even for θ TFPA = 0.15 ML (Figure 3 ), than has been observed for other mixed monolayers.
S7
Small-molecule silanes have been shown to undergo cleavage of the Si-Si bonds in the presence of organolithium reagents, such as methyllithium. [9] [10] Furthermore, addition of organolithium reagents to H-terminated porous Si surfaces has been proposed to proceed by cleavage of Si-Si bonds. [11] [12] The reaction of 1-propynyllithium with Si(111)-Cl surfaces also yields samples with S = 1.0 × 10 3 cm s -1 (72 h after preparation), despite near complete termination of the Si atop sites with Si-C bonds. 4 However, reaction of CH 3 
